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OBJECTIVE — Clawing of the toes in the diabetic neuropathic foot is believed to be caused
by muscle imbalance resulting from intrinsic muscle atrophy. However, experimental data that
support this mechanism are lacking. The aim of this study was to evaluate this hypothesis using
magnetic resonance imaging (MRI).
RESEARCH DESIGN AND METHODS — In 20 neuropathic diabetic patients, 10 with
claw toe deformity and 10 with normally aligned toes, multiple plane images of the foot and
lowerlegwereacquiredusingT1-weightedspin-echoMRI.Atrophyoftheintrinsicandextrinsic
muscles controlling the toes was assessed using a semiquantitative 5-point atrophy scale. An
intrinsic-to-extrinsic foot muscle imbalance score was derived from these atrophy scores, and
correlation coefﬁcients were established.
RESULTS — The mean  SD intrinsic muscle atrophy score was 3.1  1.1 for the toe
deformity group and 2.6  1.2 for the nondeformity group (not signiﬁcantly different). The
intrinsic muscle atrophy score was not signiﬁcantly correlated with degree of toe deformity (r 
0.18). The muscle imbalance score was not signiﬁcantly different between study groups and
was not signiﬁcantly correlated with degree of toe deformity (r  0.14).
CONCLUSIONS — Neither intrinsic muscle atrophy nor muscle imbalance discriminated
between neuropathic patients with or without claw toe deformity, suggesting that the role of
these muscle factors in claw toe development may not be primary or as straightforward as
previously believed. These ﬁndings shed new light on the etiology of foot deformity in diabetes
and suggest a more complex nature of development, potentially involving anatomical and phys-
iological predisposing factors.
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C
lawing or hammering of the toes is a
common foot deformity in patients
with diabetes, with reported preva-
lence values between 32 and 46% (1,2).
Both claw and hammer toes involve hy-
perextensionofthemetatarsal-phalangeal
(MTP) joint as the most important struc-
tural abnormality and will be referred to
as “claw toes” in this article. Claw toes in
diabeticpatientsareassociatedwithadis-
tal displacement of the protective sub-
metatarsal head fat pads and an increase
of plantar foot pressures at these regions
(3,4). Furthermore, in prospective analy-
ses, claw toe deformity has been found to
be a predictor of diabetic foot ulceration
(5), a condition that may lead to infection
or amputation. Therefore, a proper under-
standing of the etiology of claw toe defor-
mity is important if we are to initiate or
improveinterventionsforthepreventionor
correctionofclawtoedeformitywithwhich
we can reduce the risk for ulceration and
further complications in this patient group.
There are several theories that may
explain why claw toes develop in diabetic
patients. Ill-ﬁtting footwear, in particular
cramped toe boxes in patients who lack
protective sensation, may externally force
thetoesinaclawedposition(6).Thereare
somesuggestionsthatruptureoftheplan-
tar fascia or ligament contractures at the
MTP joints may be involved (7,8). How-
ever, the most commonly reported cause
of claw toe deformity is intrinsic muscle
atrophy and weakness due to motor neu-
ropathy,leadingtoanimbalancebetween
intrinsic and extrinsic muscles across the
MTP and interphalangeal joints (9–11).
The long extrinsic ﬂexors have a greater
mechanical advantage over the extensors
at the interphalangeal joints, and the ex-
tensors have a greater mechanical advan-
tage over the ﬂexors at the MTP joint
(6,12). If the intrinsic muscles (i.e., the
lumbricals and interossei) function cor-
rectly, they compensate for this mechan-
ical advantage by ﬂexing the MTP joint
while extending the interphalangeal
joints. But when the intrinsic muscles are
atrophic and overpowered by the extrin-
sic muscles, this stabilizing action is lost,
which eventually may result in clawing of
the toes.
Despite the existence of numerous
anecdotal and observational reports on
this mechanical theory of claw toe patho-
genesis and despite wide acceptance of
this mechanism in the diabetic foot liter-
ature, experimental data to support this
theorydonotexist.Inaddition,someres-
ervations regarding this mechanism were
provided by results from recent studies.
Bus et al. performed quantitative analyses
of muscle atrophy and toe deformity us-
ing magnetic resonance imaging (MRI)
and concluded that intrinsic muscle atro-
phy does not necessarily imply claw toe
deformityinthediabeticneuropathicfoot
(13). In agreement with these results,
Andersen et al. (14) found many of their
neuropathic patients with normally
aligned toes to have signiﬁcant degrees of
atrophyoftheintrinsicfootmuscles.Fur-
thermore, van Schie et al. (15) found no
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scoresofmuscleweaknessandfootdefor-
mity in diabetic male patients. Therefore,
eventhoughtheseﬁndingsdonotsuggest
that intrinsic muscle atrophy and muscle
imbalance are no longer contributing fac-
tors in the development of toe deformity,
their role may not be as straightforward as
widely believed.
A better understanding of the associ-
ations between muscle atrophy, imbal-
ance, and toe deformity may be achieved
with a more quantitative in vivo examina-
tion of both the foot and lower leg mus-
cles using MRI in a group of patients with
toe deformity and a matched group with
normallyalignedtoes.Therefore,thepur-
pose of this study was to use MRI to ex-
amine the extrinsic and intrinsic foot
muscles in patients with claw toe defor-
mity and matched patients with normally
alignedtoestoexploreinamoreobjective
manner the association between intrinsic
muscle atrophy and claw toe deformity.
Based on the current widespread beliefs,
we intended to test the hypothesis that
clear differences in both intrinsic muscle
atrophy and muscle imbalance are
present between patients with toe defor-
mity and those without.
RESEARCH DESIGN AND
METHODS— Twenty diabetic pa-
tients with distal symmetric polyneurop-
athy participated in this cross-sectional
study. Ten of these patients (ﬁve men and
ﬁve women) had claw toe deformity in-
volving hyperextension of the MTP joint
(experimental group). The other 10 pa-
tients were matched on age (5 years)
and sex and had normally aligned toes
(control group). Five age-matched
healthy subjects (three men and two
women) with normally aligned toes were
included for reference purposes in MRI
assessments. The presence of toe defor-
mity was initially assessed clinically for
recruitment purposes but eventually
based on MRI analysis as described be-
low. One lower extremity per subject was
examined because of the limited time
available per patient on the MRI scanner.
Thiswastheextremitywithtoedeformity
if the toes of the contralateral foot were
notdeformedorwasrandomlyassignedif
not excluded by the criteria mentioned
below.
Distal symmetric polyneuropathy
was assessed clinically and conﬁrmed to
be present in all patients by abnormal vi-
bration perception thresholds measured
at the dorsal surface of the hallux in both
feet using a Biothesiometer (Bio-Medical
Instrument Company, Newbury, OH)
(16), and the inability to sense the pres-
sure of a 10-g (5.07) Semmes-Weinstein
monoﬁlament at, at least, one of eight
sites tested (six plantar foot regions, dor-
sum of the foot, and medial malleolus).
Written informed consent was obtained
from each subject before the start of the
study, which was approved by the local
medicalethicscommittee.Patientcharac-
teristics are summarized in Table 1.
Maximal effort was made to exclude
congenital or external causes of claw toe
deformity in the experimental group. For
this purpose, the patients’ shoes were ex-
amined, and patients were asked about
theonsetoftheirdeformityandtheﬁtting
of their shoes in the past. Patients were
excluded if their shoes were found to be
too small in size for their feet, if they re-
ported having worn ill-ﬁtting shoes in the
past, or if toe deformity was present be-
fore the onset of diabetes. For the same
reason, patients with neuromuscular dis-
easesorneurologicalproblemsotherthan
diabetic polyneuropathy were excluded.
Otherexclusioncriteriawere1)age40or
65years;2)peripheralvasculardisease,as
determined by absent pedal pulses with an
ankle-brachial index 0.75 or toe pressure
50 mmHg; 3) a current foot ulcer, a prior
ulceratthemetatarsalheads,orpriorlower-
extremity surgery or fracture; 4) rheuma-
toid arthritis, lower-extremity amputation,
or Charcot neuro-osteoarthropathy; and 5)
conditions precluding MRI assessment.
None of the ﬁve healthy nondiabetic sub-
jectshadanyknown(historyof)footpatho-
logical conditions.
Procedures
A 1.5-T Magnetom Vision imager (Sie-
mens, Erlangen, Germany) was used to
acquire T1-weighted spin-echo series of
the foot and lower leg. The subject lay
supine with the foot or leg inserted into a
circular polarized head coil (17). In a
comfortablepositionat30°plantarﬂex-
ion, the foot was immobilized using pad-
ding material without affecting the
natural conﬁguration of the toes. The foot
was imaged in a sagittal and coronal (ax-
ial) plane view, and the lower leg was im-
aged in a transverse (axial) plane view.
Two separate datasets, distal and proxi-
mal, were acquired for the lower leg be-
cause of the limited ﬁeld of view (FOV) of
the coil used. For all images collected,
repetition time was 577 ms, echo time
was17ms,andslicethicknesswas3mm.
The sagittal plane dataset of the foot was
oriented parallel to the second metatarsal
bone and consisted of 19 slices acquired
betweentheﬁrstmetatarsalheadmedially
andtheﬁfthmetatarsalheadlaterallywith
Table 1—Baseline patient characteristics and study results
Experimental group:
claw toe deformity
Control group:
aligned toes
n 10 10
Sex (male/female) 6/4 6/4
Age (years) 58.5  7.1 58.7  6.2
Height (m) 1.74  0.08 1.73  0.05
Weight (kg) 83.3  14.2 81.6  10.2
BMI (kg/m
2) 27.3  3.2 27.4  3.8
Diabetes type (1/2) 6/4 8/2
Diabetes duration (years) 34.6  11.9 31.3  14.6
A1C (%) 7.4  1.0 8.0  1.0
Neuropathy duration (years)* 12.7  5.5 11.9  8.5
Vibration perception threshold (V) 32.6  13.9 37.7  10.3
Toe angle (°) 21.0  5.6 3.1  7.0†
Intrinsic muscle atrophy score 3.1  1.1 2.6  1.2
EDL atrophy score (proximal) 0.5  0.5 0.4  0.7
EDL atrophy score (distal) 1.1  1.1 0.8  1.3
FDL atrophy score (proximal) 0.1  0.3 0.2  0.6
FDL atrophy score (distal) 0.2  0.4 0.7  1.1
Intrinsic-to-extrinsic muscle imbalance score 2.2  1.1 2.0  1.0
Extrinsic muscle ﬁbrosis 0 0
DataaremeansSDorn.*Asderivedfrommedicalrecordsor,whenabsent,estimatedbythepatientbased
on the ﬁrst appearance of neuropathic symptoms. †P  0.001 between groups.
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512  512 pixels, and interslice gap 0.9
mm. The coronal plane dataset of the foot
was oriented perpendicular to the sagittal
plane images and consisted of 20 slices
collectedbetweentheproximalphalanges
distally and the cuneiform bones proxi-
mally with FOV 150  150 mm, resolu-
tion 256  256 pixels, and 0.9 mm
interslicegap.Thelowerlegdatasetswere
oriented perpendicular to the long axis of
the tibial bone in a coronal and sagittal
plane view and each consisted of 20 slices
with FOV 200  200 mm, resolution
256  256 pixels, and interslice gap 5
mm.Thedistallowerlegdatasetincluded
the ankle joint, and the proximal dataset
included the knee joint. Total data acqui-
sition time was 45 min per subject.
Toe deformity was assessed non–
weightbearingfromthesagittalplaneim-
ages using IMPAX WEB1000 software
(Agfa-Gevaert,Mortsel,Belgium)bymea-
suring the angle between a line parallel to
the sole of the forefoot and the bisector of
theproximalphalanxofthesecondorthird
toe(named“toeangle,”withnegativevalues
denoting extension). Toe angles smaller
than 13° indicated deformity based on
95% normal limits (3).
Atrophy of the intrinsic muscles in
the forefoot (i.e., the interossei and lum-
bricals) was assessed from the coronal
plane foot images. On these images, mus-
cleisrepresentedbyalow-intensity(dark
gray) signal, whereas fatty inﬁltration (at-
rophy) of the muscle shows as a high-
intensity (light gray) signal. Because
atrophy was diffusely distributed
throughout the muscle, one representa-
tive anatomically referenced image cut-
ting through the ﬁfth metatarsal head was
selected to score degree of intrinsic mus-
cle atrophy. For this purpose, we used a
semiquantitative 5-point atrophy scale
with 0 representing healthy muscle tissue
(no atrophy), 1 representing mild atro-
phy, 2 representing moderate atrophy, 3
representing severe atrophy, and 4 repre-
senting almost complete or complete loss
of muscle tissue. Reliability in assessing
atrophy using this 5-point scale was high,
with weighted  of 0.94 (18).
Extrinsic foot muscle status was as-
sessedusingbothsetsoflowerlegimages.
Theextensordigitorumlongus(EDL)and
ﬂexor digitorum longus (FDL) muscles
wereevaluatedusingallproximaltodistal
images from the knee to the ankle on
which these muscles could be identiﬁed
(Fig. 1A and B). Extrinsic foot muscle at-
rophy was scored using a semiquantita-
tive 5-point atrophy scale similar to that
used for the intrinsic foot muscles. Prox-
imal and distal portions of the muscle
were scored separately (division at mid-
tibia). A muscle imbalance score between
the intrinsic and extrinsic muscles, which
act at the level of the MTP joint, was de-
ﬁned by subtracting the intrinsic muscle
atrophy score with the average proximal
and distal EDL muscle atrophy score. The
possiblerangeofmuscleimbalancescores
was between 0 and 4, with 0 representing
no muscle imbalance and 4 representing
maximal muscle imbalance. Only the at-
rophy scores of the EDL muscle were en-
tered in the equation because, according
to the theory, this muscle acts in over-
poweringtheintrinsicmusclesattheMTP
joint, which is the primary joint in claw
toe deformity. The presence of intramus-
cular ﬁbrosis indicating muscle contrac-
tures, which may also play a role in
overpowering the intrinsic muscles
(19,20), was scored as a hypointense
(black) signal on the transverse plane im-
ages of the lower leg (21).
Two observers, blinded for patient
identity and study group, independently
performed assessments of muscle atro-
phy. They reached a consensus regarding
outcome when discrepancies in observa-
tions were found.
Statistical methods
SPSS (version 16.0) was used for statisti-
cal analysis. For all continuous data, in-
dependent t tests (normally distributed
data) and Mann-Whitney nonparametric
tests (skewed data) were used to compare
study groups. Fisher’s exact test was used
to compare groups for dichotomous data.
Spearman rank correlation coefﬁcients
were computed for associations between
selected variables in the pooled group of
patients (n  20). For all tests, signiﬁ-
cance levels of P  0.05 were used.
RESULTS— Except for toe angle, no
signiﬁcant differences were present be-
tween subject groups for baseline data
(Table1).Somedegreeofintrinsicmuscle
atrophy (minimum score 1) was present
in each of the 20 neuropathic feet exam-
ined, and the whole range of atrophy
scores (1–4) was represented in both
groups. Twelve patients, seven in the ex-
perimental group and ﬁve in the control
group had severe or worse degrees of at-
rophy (score 3 or 4). The mean  SD
atrophy scores were 3.1  1.1 for the ex-
perimental group and 2.6  1.2 for the
control group, which were not signiﬁ-
cantly different (P  0.34) (Table 1). The
correlationcoefﬁcientbetweentheintrin-
sic muscle atrophy score and toe angle
was 0.18 (not signiﬁcant, P  0.44).
Figure 2 shows two examples: one of an
experimental group patient with a severe
deformity (toe angle 26.3°) but with
only a mild degree of intrinsic muscle at-
rophy (score 1) and a control group pa-
tient with almost no intrinsic muscle left
(score 4) but with normally aligned toes.
None of the ﬁve healthy nondiabetic sub-
jects showed any degree of intrinsic mus-
cle atrophy (all subjects had score 0).
Neither the FDL nor the EDL muscle
showedanyhypointensesignalindicating
ﬁbrosis on the lower leg MRI scans. The
EDL muscle was atrophic in six experi-
mental and four control group subjects
with more atrophy present distally (Table
1). The FDL muscle was atrophic in three
experimental and four control group pa-
tients. In those experimental group pa-
tients showing FDL muscle atrophy, a
score 1 (i.e., mild atrophy) was not
found.TheEDLmusclewasslightlymore
Figure1—Cross-sectionalimagesofthedistallowerleginahealthynondiabeticsubject(A)and
a neuropathic patient with severe atrophy of the EDL and mild atrophy of the FDL (B). The EDL
and FDL muscles were scored proximally and distally by sequentially examining all cross-
sectional images that included these extrinsic foot muscles.
Bus and Associates
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icant differences were found between ex-
perimental and control groups in any of
the extrinsic muscle atrophy scores. The
intrinsicmusclesweremoreatrophicthan
the extrinsic muscles, with muscle imbal-
ance scores of 2.2 and 2.0 for the experi-
mental group and control group,
respectively.Thedifferenceinmuscleim-
balance score between the two groups
was not signiﬁcant (P  0.60). The corre-
lation coefﬁcient between muscle imbal-
ance score and toe angle was 0.14 (not
signiﬁcant, P  0.56).
CONCLUSIONS — The results of
this study showed no signiﬁcant differ-
enceindegreeofintrinsicmuscleatrophy
between matched patients with claw toe
deformity and patients with normally
aligned toes. Furthermore, no association
was found between intrinsic muscle atro-
phy score and degree of deformity (toe
angle) in the group of 20 patients tested.
This ﬁnding is clearly illustrated by the
two cases shown in Fig. 2. In the extrinsic
footmuscles,wefoundnosignsofﬁbrosis
ineithergroupthatmayindicatethepres-
ence of muscle contractures nor did we
ﬁnd signiﬁcant differences in extrinsic
muscle atrophy scores between the
groups. Furthermore, the intrinsic-to-
extrinsic muscle imbalance score was not
different between groups and not associ-
atedwithtoeangle.Thisresultmeansthat
neitherintrinsicmuscleatrophynormus-
cleimbalancewasabletodiscriminatebe-
tween neuropathic patients with claw toe
deformity and those without. To the best
of our knowledge, this is the ﬁrst study
that measures intrinsic-to-extrinsic foot
muscle imbalance in the diabetic foot and
attempts to associate intrinsic muscle at-
rophy and muscle imbalance with claw
toe deformity in an objective manner.
The present data conﬁrm previous
MRI reports on intrinsic muscle status in
diabetes from Bus et al. (13) and
Andersen et al. (14), who also showed
substantial degrees of intrinsic muscle at-
rophy in neuropathic diabetic feet. Re-
garding the association between muscle
statusandfootdeformity,ourﬁndingsare
in agreement with data from van Schie et
al. (15), who showed that muscle weak-
ness in the foot, assessed using manual
muscle testing, was not associated with
foot deformity in diabetic patients. Based
on the lack of associations found between
muscle atrophy or muscle imbalance and
claw toe deformity, the present results
suggest that the widely reported theory
that intrinsic muscle atrophy and loss of
muscle balance cause claw toes in the di-
abeticfootshouldbetreatedwithcaution.
This does not mean, however, that we
suggest that muscle atrophy and imbal-
ance are no longer permissive factors in
clawtoeetiology.Allpatientswithtoede-
formity in our study had at least some
degree of intrinsic muscle atrophy (score
1), and because intrinsic muscle atro-
phy can precede toe deformity (14), it
may still be a contributing factor. Never-
theless, this relationship may not be
straightforwardinthediabeticfoot.Other
factors may be (more) important with the
likelihood that multiple factors are
presenttoexplainthepresenceofclawtoe
deformity in diabetic patients.
Oneofthesefactorsmaybepathology
of the plantar aponeurosis, an important
connective tissue structure that contrib-
utes to MTP joint stability by providing
plantarﬂexionatthisjointduringweight-
bearing. On MRI, Taylor et al. (8) consis-
tently found plantar aponeurosis
discontinuity, indicating rupture, in dia-
betic patients with claw toes and normal
aponeurosis appearance in patients with
alignedtoes.Withrupture,theaponeuro-
sis would lose its stabilizing properties,
which may draw the MTP joint in a hy-
perextended position. However, robust
studies that support these preliminary
data have not been found. Another factor
may be pathological changes of the MTP
joint capsule, including the plantar plate
and collateral ligaments. Some authors
studying nondiabetic subjects have asso-
ciated rupture or degeneration in these
structures with MTP joint instability and
toe deformity (19,22). In diabetes, these
soft tissue abnormalities in the foot may
be fueled by the process of nonenzymatic
glycosylation, which renders fascia and lig-
aments less functional in their capacity to
control joint conﬁguration in the forefoot.
Finally, externally applied forces through
the effect of ill-ﬁtting footwear may play a
role, in particular when the intrinsic foot
muscles are no longer able to contribute to
MTP and interphalangeal joint stabilization
due to atrophy and weakness. Clearly, pro-
spective studies are needed to show the va-
lidity of these alternative mechanisms in
contributing to claw toe deformity in the
diabetic patient.
Ourﬁndingsmayhaveimplicationsif
surgical corrective interventions are the
choice of treatment for claw toes in dia-
betic patients. Extensor tenotomies may
not have the desired outcome and a mul-
titissue approach may be warranted, an
observationthatissupportedbythework
in nondiabetic feet from Myerson and
Shereff (7), who suggested that the cor-
rection of claw toes may require more ex-
Figure 2—Two cases illustrating the lack of association between intrinsic muscle atrophy and
claw toe deformity. Sagittal and coronal plane foot images of a patient with severe deformity but
only mild atrophy (left panel) and a patient with perfectly aligned toes but almost no intrinsic
muscle left in the foot (right panel).
Intrinsic muscle atrophy and claw toe deformity
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This includes sectioning of the MTP joint
collateralligaments.Whetherthisalsoap-
plies to the diabetic neuropathic foot re-
mains to be investigated.
This study was limited in that the
cross-sectional design did not allow the
establishment of cause-and-effect re-
lationships. Long-term follow-up of
patients with variable degrees of toe de-
formity may further improve our under-
standing of its pathogenesis. Second, we
did not assess the physiological effects of
diabetesandneuropathyonmuscletissue
properties, which may inﬂuence muscle
function and the associations sought be-
tweenfootstructureparameters.
31Pmag-
netic resonance spectroscopy can be used
for this purpose, including the measure-
ment of nonenzymatic glycosylation and
metabolite concentrations (23,24) and
may be found valuable in future studies
on claw toe pathogenesis. Finally, this
study should be considered as a ﬁrst at-
tempt to obtain objective data on the as-
sociation between muscle atrophy,
imbalance, and toe deformity with the
goal of increasing awareness for the rela-
tionship between these parameters that is
possibly more complex than previously
thought. We expected to ﬁnd clear and
consistent differences between the two
study groups for the muscle factors eval-
uated, which, if present, would indicate
their potential importance in the etiology
of claw toe deformity.
In summary, our results suggest that
the role of intrinsic muscle atrophy and
muscle imbalance in explaining the pres-
ence of claw toe deformity in the diabetic
footmaynotbeasstraightforwardaswidely
believed. These muscle factors may not be
primary or solely responsible for the devel-
opment of claw toe deformity in diabetes.
Other (predisposing) internal or external
factors may be (more) important contribu-
tors, either in causing toe deformity or in
preventingtheestablishmentofaclearrela-
tionship between muscle atrophy and toe
deformity. All of these factors may also act
together in a multicomponent fashion. Pro-
spective studies are required to test these
hypotheses. It is hoped that the ﬁndings
from this study will provoke further re-
search that eventually may lead to the ac-
ceptanceorrejectionofthe“muscleatrophy
and imbalance” theory in the development
of claw toe deformity in the diabetic foot.
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